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Introduction

Å Performance assessment (PA) with supporting ñbody of evidenceò 
contributes to the safety case supporting decision-making

Figure: DOE presentation to NRC ACRS ïOctober 2013

Å Demonstrate with reasonable expectation that 

doses will be less than established standards, 

not predicting actual harm

Å Administrative, engineered 

and natural safety 

functions contribute to 

safety and build 

confidence in 

protectiveness by 

providing layers of 

defense-in-depth
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Content

ÅDiscussion of factors contributing to safety (safety functions) and 
examples of defense-in-depth considerations

ÅPerspective on protectiveness of dose standards

ÅExamples of barriers and pessimistic assumptions

ÅPerspective on assumptions for hypothetical inadvertent intruder
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Safety Functions - Examples

Features that contribute to safety forlow-level waste (LLW) disposal 
include the following:

Å Administrative

ïPublic knowledge (societal memory, visitor centers, records)

ïInstitutional controls (active: fences, guards; passive: deed restrictions)

ïAnnual public dose limit ï100 mrem(LLWdisposal four times less: 25 mrem)

ïAssumed receptors and habits (more highly exposed individuals)

Å Engineered Barriers

ïCover system, containers, waste forms, liner system 

ïPhysical and chemical barriers (water flow, contaminant transport)

Å Natural Features of the Site

ïLow precipitation and infiltration rates

ïThick vadose zone and aquifer (delay and disperse)
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Safety Functions ςDefense-in-Depth

ÅAdministrative

ïPublic knowledge (Societal Memory, Visitor Centers, Records)

ïInstitutional controls (Active: fences, guards; Passive: deed restrictions)

ïDose limits (4X less than public dose limit)

ïAssumed receptors and habits (more highly exposed individuals)

ÅEngineered Barriers (How do they change over time?)

ïCover, containers, waste form, liner system 

ïPhysical and chemical barriers (water flow, contaminant transport)

ÅNatural Features of the Site

ïLow precipitation and infiltration rates

ïThick vadose zone and aquifer (delay and disperse)
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Annual Average Dose in the United States
(620 mrem)

Source: National Council on Radiation Protection & Measurements, Report No. 160
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Smoke Detectors
Less than 0.001 mremper yr

Round-trip flight from 
Washington D.C. to Seattle
3.8 mrem 

One Mammogram
30 mrem

Average natural background 
dose to the U.S. population 310 
mrem per year

DOE/NRC standard for the general public
100 mrem per year

Nuclear Medicine Procedure
50 mrem per year

Relative Doses from 

Radiation Sources

Radon Average U.S. population
200 mrem per year (Average)
576 mrem per year (4 pCi/L in 
your home - EPA calculator)

Normal cosmic 
radiation at Hanford
28 mrem per year

DOE/NRC performance 
objectives for LLW disposal
25 mrem per year

EPA dose standard 
for air emissions 
10 mrem per year

Sources: https://www.epa.gov/radiation/radiation-sources-and-doses
https://www.nrc.gov/about-nrc/radiation/around-us/calculator.html

Mettler Jr, Fred A., et al. "Effective doses in radiology and diagnostic nuclear medicine: a catalog." Radiology 248.1 (2008): 254-
263.

Full-body CT scan (X-ray) 
Average 5 to 10 rem per 
session
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